TABLE 1

Stress and Deformation Results
for Beam Elements

Units - Stresses (PSI), Deformation (In.)

Radial
Element Node Fy/A Max. S, Min. Sx Deformation

654 LE

Design: L, Steel ©
Loading: Inertial, 1601 Radians/Second ®) @) ()—SE
3L 1 20,330 28,565 12,095
X 4 20,330 29,544 11,116
3 1 485 2,208 - 1,238
3 2 7 30,276 -30,261
4 2 7 30,276 -30,261
4 3 -485 507 - 1,485
5 3 26,237 33,444 19,031 .0023
5 5 26,237 37,370 15,104
Design: S, Steel
Loading: Inertial, 1601 Radians/Second
x i1 20,301 27,970 12,631
11 4 20,301 28,933 11,669
3 1 496 2,094 - 1,106
3 2 5 30,112 -30,102
4 2 5 30,112 -30,102
4 3 -508 1,125 - 2,141
5 3 21,879 29,536 14,222 .0020
5 S 21,879 28,770 14,988
Design: Z, Steel
Loading: Inertial, 1601 Radians/Second
1 1 16,360 23,307 9,412
1 4 16,360 22,494 10,226
*3 1 346 5,190 - 4,497
*3 2 9 237530 -23,513
4 2 9 23,530 -23,513
4 3 -338 2,233 - 2,910
5 3 19,334 24,158 14,509 .0017
5 -, 19,334 27,458 11,209

* Stresses will be slightly greater if the slot is machined in 0.D. to unitize
the cone - cage - roller assembly
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TABLE 1 (Con't.)

Element Node Fy/A

Max. Sx

Design: L-Extended*,

Steel
Loading: Inertial, 1601 Radians/Second

Radial
Min. S, Deformation

® £ ® - Gz LE
@ @

3
©—@—D—SE

12,196
11,202
- 1,245
-31,496
-31,496
- 4,651
13,589 .0023
10,475

1601 Radians/

11,650
10,636
- 1,124
~30, 315
~30,315
-~ 1,626
18,571 .0061
15,730

1601 Radians/

LL, 715

10,683

= L,Li8
=31,553
=31,553
- 4,811

13,070 .0057

X ¥ 20,502 28,809
i § 4 20,502 29,803
3 i 493 2,231
3 2 - 4 31,489
4 2 - 4 31,489
4 3 =521 3,609
5 3 22,165 30,742
S 5 22,165 33,856
Desiqgn: L, Steel
Loading: Synchronous Whirl,
Second at .005" Eccentricity
1 1 20,270 28,889
i 4 20,270 29,903
3 1 481 2,086
5 2 2 30,319
4 2 2 30,319
4 3 -495 636
5 3 26,330 34,088
5 L 26,330 36,930
Design: L-Extended*, Steel
Loading: Synchronous Whirl,
Second at .005" Eccentricity
1 1 20,433 29,151
1 4 20,433 30,184
3 1! 488 2,095
3 2 ~ 9 31,535
4 2 K 31,535
4 3 ~528 3,757
5 3 22,233 31,396
5 5 22,233 33,354

* The L-Extended design is similar to the L

the LE flange width by .0625"
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TABLE 1 (Con't.)

Radial
Deformation

Element Node Fy/A Max. S Min. S,
1
E
% Design: L, Steel
i Loading: Synchronous Whirl, 1373 Radians/
Second at .005" Eccentricity
1 i 14,907 21,247 8,568
i 4 14,907 21,992 7,823
3 1 354 1,534 - 827
3 2 2 22,299 -22,295
4 2 2 22,299 -22,295
4 3 -364 468 = 1,196
5 3 19,364 25,070 13,658
5 5 19,364 27,160 11,568
. N v 3
Design: L, Aluminum (.094 1lbs./in.")
Loading: Synchronous Whirl, 1601 Radians/
Second at .005" Eccentricity
1 1 6,747 9,615 3,880
X 4 6,747 9,951 3,544
3 3 160 695 - 375
3 2 1 10,093 -10,091
4 2 1 10,093 =1.0,091
4 3 -165 211 - 540
- 5 3 8,764 11,345 6,183
5 5 8,764 12,295 5,234
Design: S, Steel
Loading: Synchronous Whirl, 1601 Radians/
Second at .005" Eccentricity
1 1 & 20,254 28,243 12,264
1 4 20,254 29,242 11,265
3 k 493 1,979 - 994
3 2 0 30,188 -30,188
4 2 0 30,188 -30,188
4 3 =513 1,191 - 2,218
L 3 21,924 29,251 14,597
& 5 21,924 27,519 16,329
21
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Element Node Fx/A

TPABLE 1 (Con't.)

Radial
Deformation

Design: Z, Steel

Loading: Synchronous Whirl,

1601 Radians/

Second at .005" Eccentricity

16,316
16,316
339

1

1

-347
19,394
19,394

* Ok

b b wwkHEM
UwwNoN =&

23,194
22,387

4,780
23,669
23,669

2,440
25,166
27,202

9,437
10,245
- 4,102
=23,667
-23,667
- 3,134
13,622
11,586

.0046

* Stresses will be slightly greater if the slot is machined in O.D. to unitize
the cone - cage - roller assembly




SECTION IV

SOLID MODELS

Having symmetric geometry and boundary conditions permitted the analysis

to be performed on a segment of the cage designs. The three bridge segment
was chosen to eliminate end effects on the central bridge. Geometry plots
of the designs investigated are shown in Figures 11, 12 and 13. The origin
of the absolute Cartesian coordinate system is shown on each plot. It is
coincident with the cage center, the X-Y plane intersects the small end

and the X-Z plane intersects the left-hand side. All stresses and strains

computed are in these coordinate systems.

A solid with a parabolic displacement order was used as the modeling

element. The element/node conventions are shown in Figure 14.

4.1 Boundary Conditions and Loading

At each end of the segments modeled three constraints are applied. In the
rotated nodal coordinate systems these are Y translation and X and Z

rotations equal zero. This is graphically illustrated in Figure 15.

Two loading conditions were imposed on the solid element models. These

have been identified as inertial and normal bridge loading.

The inertial condition is similar to that as applied to the beam element.

The model is rotated about the absolute Z axis at 1601 radians/second.

The bridge loading case consisted of applying a five pound force normal to
the roller-bridge conjunction. To maximize its effect the load was applied

as a concentrated force at the center of the bridge. 1In nodal coordinates

this is a 1.65 1lbf. Y component and a 4.72 1lbf. X component for the roller

guided design. The race guided design was subjected to a5 1lb. Y direction
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Figure 12 - S-Cage Geometry Plot
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Figure 13 - Z-Cage Geometry Plot
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Figure 14 - Typical Solid Element
With Nodes Identified
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force. The decision to use a 5 lb. force was based on two prior

investigations. 1In reference 10 an instrumented 100 millimeter bearing

was tested at speeds to 20,000 RPM and forces of approximately 5 lbs.

were measured. Random impact loads as high as 50 lbs. were observed.

In a Timken Company investigation conducted according to a modified version

of ASTM D 2782-74, test blocks made of SAE 1020 steel and silver plated

were subjected to an equivalent normal roller load of 2 lbf. (14,000 psi).

The plating could not sustain the rotating test cup. In post test cage inspec-
tions, seldom is the silver plating removed. This would be indicative of light

bridge-roller interactions.

4.2 Stresses and Deformation

Output from the SDRC SUPERB program consists of nodal displacements and
rotations in the local coordinate system. The normal, shear, principal
and Von Mises stresses are in the absolute system. The L cage was modeled
with 226 elements (1735 nodes); the S and Z cages with 250 elements (1743
nodes). Computed displacements and stresses for the three designs under
two loading conditions produced a vast amount of data. This data has been
condensed into 14 stress plots and two summary tables per design. The
compiled data is from segment sections 7 through 19. The primary stresses
are tensile hoop stresses in both the large and small end flanges and

bending in the bridge.

Distorted geometry for the three designs are shown in Figure 16. Stress
plots are as follows: Figures 16-30, L-cage; Figures 31-44, S-cage; and

Figures 45-58, Z-cage.

Maximum displacement (U.), principal stress (0; or 0,) and Von Mises stress

for segments 7 to 19 are given on Tables 2 through 6.
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L-CAGE

S-CAGE

Figure 16 - Distorted Geometry Inertis) Loading
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Secy 7 0:Dss Sec. 19
CHTOUR IMTERVAL = 880 (psi
SONTUR ONTOUR

Figure 17 L-Cage, X-lormal Stress, Inertial
Leadina, Larae End Adiacent Nridae
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CONTOUR INTERVAL = 4600 (psi)

CONTOUR  CONTQUR
NUMBER LEVEL
9200
13800
18400
23000
27600
32200

O Db WN

Fiqure 18 - L-Cage, Y-Normal Stress, Inertial
Loading, lLarge End Adjacent Bridge
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Sec. 7 D Sec. 19
CONTQUR INTERVAL = 2200 (psi)
CONTOUR CONTOUR
NUMRER LEVEL
1 -660(
? »:Qa"\(\
3 -2200
4 0.00000000
5, 2200
Fiqure 19 L-Cage, 7-lormal Stress Inertial
Loadinag, Large Fnd Adiacent Rridae
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Sec.

CONTOUR INTERVAL = 780 (psi)

CONTOUR
NUMBER

DB WN

Fiqure 45 - Z-Cage, X-Normal Stress, Inertial

CONTOUR
LEVEL

-780

0.00000000

78C

1560

2340

3120

Sec.

Loading, Large Fnd Adjacent Bridge
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0.D. Sec, 19

CONTOUR INTERVAL = 3500 (psi)

CONTOUR CONTOUR
NUMBER EEVEL
3500
7000
10500
14000
17500
21000
24500

NOoOHs WN

Figqure 46 - 7-Cage, Y-Normal Stress, Inertial
Loading, Large End Adjacent Bridge
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L= N
Sec. 7 0.D. Sec. 19

CONTOUR INTERVAL = 2200 (psi)

CONTOUR  CONTOUR
NUMBER LEVEL
-6600
-4400
-2200
0.00000000
2200

DD WN —

Figure 47 - Z Cage, Z-Mormal Stress, Inertial
Loading, Large End Adjacent Bridge
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Sec. 1} Q.D Sec. 15
i
CONTOUR INTERVAL = 760 (psi)
CONTQUR CONTOQUR
NUMBER LEVEL
1 -76(
v C.00000000
3 760
4 1520
5 22830
Ficure 48 ?-Caace, X-Normal Stress, Inertial

Loadina, Bridge Adiacent Large End
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Sec. 11 O D Sec. 15

CONTOUR INTERVAL = 4600 (psi)

CONTOUR CONTOUR
NUMBER LEVEL

¢ .00000000
4600

9200

138C0
18400
23000

D AEWN -

Figure 49 - 7 -Cage, Y-Normal Stress, Inertial
Loading, Bridge Adjacent Large Fnd
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Glatye Sec. 1%

CCHTCUR INTERVAL - 3200 (psi)

CONTOUR CONTOUR
NUMBER LEVEL
-9600 :
-6400 f
-3200 ‘
(0.00000000

3200

6400

ARG R S

Figure 50 - Z-Cage, 7-Normal Stress, Inertia]
Loading, Bridge Adjacent Large Fng

64




*

?&

Sece 11 Sec. 15

SONTOUR INTERVAL = 360 (psi)

CONTUGUR COHNTOUR

HUMRER LEVEL

1 C . 0000NCO0
2 360

3 720

4 1030

S 1440

6 1200

Fiqure ®1 - 2 Caae, X-Norral Stress, Inertlal

Lcadino, Bridge Adiacent Small Fd

65

it




F

D.

o~
™ (/]

Sec. 15

CONTOUR INTERVAL = 3400 (psi)

CONTOUR CONTQUR
H'JMBER LEVEL
0.00000000
3400

6800

10200
13600
17000

DU D WN —~

Figure 52 - 7-Cage, Y-Normal Stress, Inertisl
Loadinag, Bridge Adjacent Small End
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Fiqure

SOHTCUR INTERVAL

“TOUR “ONTQUR
MRER LEVFL
] -7000

2 - 3500

3IH0C

3 0. 0000000

4 3500
5 7000

53 - Z=Cage, 2
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C.D. Sec. 19

CONTOUR INTERVAL = 200 (psi)

CONTOUR CONTOQUR

NUMBER LEVEL
)| C. 00000000
2 900
3 1800
4 2700
5 3600
6 4500

Figure 54 - 7-Cage, X-Normal Stress, Inertial
Loadina, Small End Adiacent Bridce
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Sec. 7 0.D. Sec. 19

CONTOUR INTERVAL = 3300 (pst)

CONTOUR CONTOUR
NUMBER LEVEL
6600
9900
13200
16500
19800
23100

o 3O 0 SIS g

Figure 55 - Z-Cage, Y-Normal Stress Inertial
Loading, Small End Adjacent Bridge

69

e




A Y

\\ - o

5ec.

7

CONTOUR INTERVAL = 2100 (psi)

CONTQUR
HNUMBER

1
i

2
3
4
5

CONTQUR

LEVEL
-6300
-4200
-2100
0.00000000
2100

Figure 56 - 2-Cage, 7-Normal Stress Inertial
Lcading, Small End Adjacent Bridge
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CONTOUR INTERVAL = 300 (psi)

CONTOUR  CONTOUR
NUMBER LEVEL
-600

-300
0.00000000
300

600

DawN -

Figure 57 - Z-Cage, Y-Normal Stress Bridge
Loading, Large End Adjacent Bridge
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CONTOUR INTERVAL = 200 (psi)

CONTOUR CONTQUR

NUMBER LEVFL
1 -400
2 -200
3 0.00000000
4 200
5 400

Figure 58 - 7-Cage, Y-Normal Stress Bridqge
Loading, Bridge Adjacent Large Fnd
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TABLE 2

L-Cage

Maximum Stress and Deformation

For Solid Element Model-Inertial Loading

Maximum Maximum Maximum
o Ux L 01 or Oy Von Mises
Section Position (En.) Location (PST) Location (PSI) Location

7 SE .00208 5 29,589 5 29,472 5

7 LE . 00251 10 34,990 9 35,140 9

8 SE .00208 5 30,089 5 29,625 5

8 LE 00251 10 34,390 9 34,316 9

9 SE .00208 5 27,691 5 28, 753 5

9 LE .00252 10 33,758 9 34,211 9
10 SE .00209 5 31,460 5 30,972 5
10 LE .00252 10 36,404 9-10 34,729 9-10
J: SE .00229 S 285522 3-5 26,655 3-5
1E B . 00351 7-8 -30,728 7 30,656 7
a6 LE 00272 10 33,986 10-12 32,719 10-12
12 SE .00229 5 21,687 1 22,110 3
12 B .00349 7 -31,218 7 30,597 7
2 LE .00272 10 26,207 12 26,205 12
103 SE .00229 5 19,894 1 22,244 3
13 B .00349 7] -31,711 i 30,542 7
13 LE .00272 10 28,818 12 28,879 12
14 SE .00229 5 21,687 1 22,111 3
14 B .00349 7 -31,218 7 30,597 7
14 LE .00272 10 26,204 12 26,202 12
15 SE .00229 5 285522 3-5 26,655 3-5
15 B .00351 7-8 -30,728 7 30,656 7
15 LE .00272 10 33,986 10-12 32,719 10-12
16 SE .00209 5 31,460 5 30,972 5
16 LE .00252 10 36,404 9-10 34,729 9-10
1 iy SE .00208 5 27,691 5 28,753 S
X7 LE .00252 10 33,758 9 34,211 9
18 SE .00208 5 30,089 5 29,625 5
18 LE .00251 10 34,390 2 34,316 9
19 SE .0208 5 29,590 5 29,472 5
19 LE .0251 10 34,989 9 35,139 9

* See sketch in Figure 59 following tables.

between positions noted.
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TABLE 3
L-Cage

Maximum Stress and Deformation
For Solid Element Model-Bridge Loading

Maximum Maximum
* 01 or Oy Von Mises
Section Position (PSI) Location (PSI) Location
i/ | SE 1,258 5 1:552 3
7 LE 1,362 9 1,372 9 ]
i
8 SE 1,377 5 1,615 3 i
8 LE 1,411 9-10 1,474 9-10
9 SE K473 3 1,796 3
9 LE 1,672 10 1,802 10
10 SE 2,139 5-6 2,101 5-6
10 LE 2,656 10 2,535 0o
11 SE 2,755 3-4 2,341 3-4
JE B -6,065 7 4,831 7
11 LE 3,101 10-L2 2,941 10-12
12 SE 1,205 3-5 1,292 4
12 B -4,043 8 3,656 7
12 LE 1,692 10-12 2831 10~-12 !
13 SE 936 4 1,316 4 |
E3 B 2,788 8 2,899 8
E3 LE Fak23 10 1,400 10
14 SE 919 4 1,270 4
14 B ST 8 3,797 8 !
14 LE 1,336 12 3,322 12 {
15 SE -1,549 6 1,441 |
15 B &y 192 8 4,765 8 )
15 LE 1,669 12 1,655 12 8
{
16 SE =1,252 5 1,203 5
16 LE -1,647 9 1,588 9
17 SE 918 4 1,047 4
7 LE 1,430 12 1,437 12
SE 821 4 937 4
LE 1,189 12 1,271 10-12 l
SE 819 4 940 4
LE 1,085 10-12 1,283 10-12
Figure 59 following tables. No.-No. indicates position midway
ns noted.
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TABLE 4

S-Cage

Maximum Stress and Deformation

For Solid Element Model-Inertial Loading

Maximum Maximum Maximum
* Uy X 0y or 0, Von Mises
Section Position (In.) Location (PSI) Location (PST) Location
7 SE .00208 5 29,571 5 29,461 5
i LE .00236 6 29,319 9 29,388 o
8 SE .00208 5 30,084 5 29,628 5
8 LE .00235 10 30,052 G~1LQ 29,700 9-10
e SE .00208 5 27,7147 5 28,800 =
9 LE .00236 10 29,580 2] 30,056 9
10 SE .00208 5 32,582 5-6 31,063 5
10 LE .00235 10 34,100 =10 32,477 10
1T SE .00207 5 28,652 5-6 26,763 5=6
LE B .00344 7-8 -31,264 T 31,188 q
13 LE .00236 10 32,189 10 30,404 10
12 SE .00207 5 21,801 1 22,209 3-S5
12 B .00342 7-8 =31 763 7 31,132 7
12 LE 00237 10 22,464 10-12 23,794 9-11
T3 SE .00207 5 20,005 1 21,664 3=5
13 B .00342 7=8 —-32,266 7 31,080 7
13 LE .00236 10 21,477 EE 24,409 9=11
14 SE .00207 S 21,801 1 22,209 3-5
14 B .00342 7-8 =31, 763 7 31,132 7
14 LE .00237 10 22,464 10-12 23,79 9-11
145 SE .00207 5 28,652 5-6 26,763 5-6
15 B .00344 7~-8 —31 ;264 T 31,188 7
15 LE .00236 10 32,189 10 30,404 10
16 SE .00208 5 32,582 5-6 31,063 5
16 LE .00235 10 34,100 9-10 32,477 10
17 SE .00208 = 27,747 5 28,800 <
17 LE .00236 10 29,580 9 30,056 9
18 SE .00208 5 30,084 5 29,628 5
18 LE .00235 10 30,052 9-10 29,700 9-10
19 SE .00208 5 29,571 5 29,461 5
19 LE .00236 6 29,319 9 29,388 9

* See sketch in Figure 59 following tables.
between positions noted.

No.=No. indicates position midway




TABLE 5
S-Cage

Maximum Stress and Deformation
For Solid Element Model-Bridge Loading

Maximum Maximum
* 01 or Oy Von Mises
Section Position (PSI) Location (PSI) Location
7 SE 1,177 5 1,340 2
7 LE 1,106 9-10 1,195 9-10
8 SE 1,281 5 1,388 3
8 LE 1,265 10 31,322 9-10
| 9 SE 1,295 3-5 1,544 3
7 9 LE 1,438 10 1,569 10
i
10 SE 1,981 5-6 1,939 5-6
10 LE 2,216 10 2,109 10
133 SE 2,570 5-6 2,193 5-6
13 B -6,010 7 4,782 i
11 LE 2,543 10 2,365 10
12 SE 1,008 5 1,184 6
12 B -4,019 7 3,635 7
12 LE 1,285 10 1,400 10
13 SE 866 4 1,173 4
13 B 2,748 8 2,855 8
13 LE 694 13 1,046 12
14 SE 845 3 1,104 4-6
14 B 3,660 8 3,718 8
14 LE - 803 10-12 995 10-12
1
15 SE -1,439 5-6 1,281 4-6 1
15 B 4,672 8 4,645 8 |
L5 LE -1,519 9-10 1,382 10
16 SE -1,166 5 1,120 5
16 LE 962 14 952 14
&X:f SE 859 4 1,014 4
17 LE 897 14 965 k2
18 SE 764 4 904 4
18 LE 756 14 911 e
19 SE 7613 4 917 4
19 LE 661 13-14 961 12
* See sketch in Figure 59 following tables. No.-No. indicates position midway
between positions noted.
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TABLE 6

Z-Cage

Maximum Stress and Deformation

For Solid Element Model-Inertial Loading

Maximum Maximum Maximum
o Uy % 0, or 0, Von Mises
Section Position (In.) Location (PSI) Location (PST) Location

7 SE .00172 S 23,032 5 23,420 5

7 LE .00186 10 23,237 9 24,151 9

8 SE 00172 5 23,212 5 23,522 5

8 LE .00186 10 24,128 9 24,229 9

9 SE .00173 5 24,268 S 24,349 =

9 LE .00186 10 23,935 9-10 24,856 9-10
10 SE 00173 5 26,472 5-6 25,048 5-6
10 LE .00186 10 27,635 9-10 26,320 9-10
11 SE .00173 5 28,591 6 27,403 6

6 2 B .00238 7-8 -21,057 7 21,064 7
13 LE .00186 10 29,705 10 28,343 10
12 SE .00173 ) 18,557 3-5 20;205 3-5
12 B .00237 7-8 -20,909 i 20,867 7
22 LE .00187 10 19,031 10-12 19,843 9-11
13 SE .00172 5 18,774 3-5 21,735 3-5
13 B .00236 8 -20,761 7 20,670 7
13 LE .00188 10 19,891 10-12 20, 177 9-11
14 SE .00173 5 18,557 3-5 20,205 3-5
14 B .00237 7-8 -20,909 7 20,867 7
14 LE .00187 10 19,031 10-12 19,843 9-11
25 SE .00173 5 28,591 6 27,403 6
15 B .00238 7-8 -21,057 T 21,064 T
15 LE .00186 10 29,705 10 28,343 10
16 SE .00173 5 26,472 5-6 25,048 5-6
16 LE .00186 10 273635 9-10 26,320 9-10
EF SE .00173 5 24,268 5 24,349 o
17 LE .00186 10 237,985 9-10 24,856 9-10
18 SE .00172 5 23,212 S 23,522 5
18 LE .00186 10 24,128 9 24,229 9
19 SE .00172 5 23,032 5 23,420 5
19 LE .00186 10 23,237 9 24,151 9

* See sketch in Figure 59 following tables.

between positions noted.

7.

No.=No.

indicates position midway
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TABLE 7
Z2-Cage

Maximum Stress and Deformation l
for Solid Element Model-Bridge Loading |

Maximum Maximum
* 04 or 0, von Mises !
Section Position (PSI) Location (PSI) Location
7 SE 274 5 275 5
7 LE 361 9 379 9 ]
8 SE 295 5 306 5
8 LE 423 9 414 9
9 SE 339 4-6 366 6
9 LE 448 LE 469 9
10 SE 535 5-6 508 5~6
10 LE 588 9 581 9
11 SE 955 5 819 5
11 B -2,920 7-8 2,120 8
11 LE 1,063 9-10 862 9~10
12 &E 435 4-6 397 4~6
12 B -1,614 7-8 1,225 7-8
12 LE 452 9-10 398 9-10
13 SE - 261 4-6 436 4-6
13 B - 518 5-7 811 8-10
13 LE 245 10-12 419 10-12
14 SE - 525 5-6 455 5-6
14 B 916 8 990 8
14 LE - 447 9-10 408 9
15 SE =L, 197 5-6 986 5-6
15 B 1,739 8 1,697 8
15 LE -1,073 9 909 9
16 SE - 503 5-6 480 6
16 LE - 609 9 591 9 1
5
17 SE - 305 5 340 5
17 LE - 432 9-11 449 9
18 SE 2R 5 281 5
18 LE - 402 9 394 9
19 SE - 248 5 249 5
19 LE - 341 9 35% 9
* See sketch in Figure 59 following tables. No.-No. indicates position midway
between positions noted.
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Figure 59 - Cage Cross-Sectional Grids to Locate
Maximum Stresses and Deformation
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

The L-design cage stamped from a low carbon sheet steel has inadequate
tensile strength for high speed operation. This material has a tensile yield
strength ranging from 30 KSI to 36 KST and an ultimate strength in the low
40's. The analysis considering inertia induced stresses revealed tensile
stresses at the large end cross-section greater than 36 KSI. The additional
stress induced by the roller-cage interacticn clearly produces a stress

level that exceeds the cage elastic limit and will result in fracture.

This has been demonstrated by physical tests conducted in a previous
investigation. (ref. 1) These tests have indicated that the critical region

of a cage is at the intersection of the bridge and large end.

On the basis of stress at the large end, the S-design cage produced by
stamping, affords little additional strength over the L-design. Manufac-
turing either of these designs from SAE 4340 steel (tensile yield
approximately 100 KSI) by a combined machining/stamping technique could
provide a satisfactory cage. However, if cracks are formed in manufacture,

there is no improvement.

Producing either of these designs with an aluminum alloy is an attractive
alternative. Aluminum alloys are available with tensile yield strengths
equal to low carbon steel and have only one-third the mass density.
Possible obstacles are whether the high strength aluminum alloy has
sufficient ductility for stamping, if it is wear resistant under marginal
lubrication conditions, and whether it has sufficient resistance to

creep.

Structurally, the Z cage is the superior design. It has the greatest
resistance to inertia induced forces (lowest stress level) and exhibits
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minimum deformation. Stresses produced by roller-cage interaction have

the least effect on this design. Disadvantages of this design are its
complexity of manufacture and its additional heat generation (to be

investigated in TASK III).

Recommendations

The economics and other possible disadvantages of the machined Z cage

justify further development of a homogenous, isotropic L or S-design cage
of increased tensile strength. In conjunction with this activity,
developmental efforts (TASK II) should also concentrate on producing the
L-design with a high strength, wear resistant aluminum alloy. However,
unless there are positive results from these activities, the machined 2
cage should be used in the bearing endurance tests (TASK IV). This

would be contingent on the results of the bearing performance tests

(TASK III) .
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